Abstract. 2014 The morphology of platinum particles supported on alumina has been studied before and after the catalytic reaction of methane combustion by combined nanodiffraction and HRTEM studies. Depending upon the preparation conditions, the alumina structure is either highly disordered or ordered under the form of gamma alumina at least over nanodomains. In the latter case observed after the catalytic combustion of methane, the platinum particles grow epitaxially on alumina with Pt (110) parallel to 03B3-Al2O3 (110) and Pt [111] parallel to 03B3-Al2O3 [111]. This epitaxy leads to an homogeneous morphology of the particles which expose the same faces, active in methane catalytic combustion.
gamma au moins dans des nanodomaines. Dans ce dernier cas, observé après la réaction de combustion, les particules de platine croissent en epitaxie avec la surface de l'alumine avec les plans (110) du platine parallèles aux plans (110) de l'alumine gamma et les directions [111] du platine parallèles aux directions [111] de l'alumine gamma. Cette croissance épitaxique entraîne une morphologie homogène des particules qui exposent des faces actives dans la combustion catalytique du méthane.
Abstract. 2014 The morphology of platinum particles supported on alumina has been studied before and after the catalytic reaction of methane combustion by combined nanodiffraction and HRTEM studies. Depending upon the preparation conditions, the alumina structure is either highly disordered or ordered under the form of gamma alumina at least over nanodomains. In the latter case observed after the catalytic combustion of methane, the platinum particles grow epitaxially on Alumina-supported platinum catalysts are currently used to achieve the total combustion of natural gas (methane) and L.RG. (propane and butane) [1, 2] . Whatever the initial morphology of the catalyst, one can expect deep modifications of the metal and of the support in the course of the catalytic combustion which proceeds at high temperatures and in the presence of water vapour [3] . So Figure 1 gives a TEM view of catalyst 1. Platinum is under the form of 1 -2 nm particles distributed all over the alumina platelets. The structure and morphology of these particles have not been studied further. Figure 2a shows a TEM view of sample I* which was obtained after the catalytic methane combustion on sample I. It is noteworthy that the 1 -2 nm platinum particles are no longer present, instead there are 6 -10 nm -large, facetted particles often with the same orientation (Fig. 2b) This was checked by taking the nanodiffraction patterns with the FEG -STEM on individual particles and on the support in the vicinity of the platinum particles. Figures 4a and 4b give the diffraction patterns taken on the support area market by arrow 1 (Fig. 2a) and on the particles marked by arrow 2 (Fig. 2a) respectively. The pattern of alumina (Fig. 4a) presents a high-intensity background because lattice defects are present even on (2 * 2) nm2 areas as shown in figure 3 . These two pattern indexed in figure 5 correspond to the diffraction by a f.c.c. lattice with the beam perpendicular to the (110) plane. Since they can be superimposed, it can be concluded that the platinum and -y alumina lattices are in epitaxy, in agreement with the HRTEM study.
It has been checked that other platinum particles at different places and on different platelets are also in epitaxy with the alumina support underneath. These epitaxial relations arc expected, since the lattices of platinum and gamma alumina have both a f.c.c. structure and the unit-cell parameter of y alumina (a = 7.90 Â) is twice that of platinum (a = 3.92 Â). Figure 6 shows that the platinum atoms in the Pt (110) (b) plane superimpose exactly with the oxygen atoms in the 7-A1203 (110) plane (a). A complete study of the morphology of platinum particles is beyond the scope of this work. It would require a study with the "weak-beam, dark-field" technique to determine the nature of the planes exposed on the surface, laterally and on-top of the particle. However from the nanodiffraction and HRTEM studies and from the projected shape of the particles such as those shown in figure 2a, 2b Figure 8 is a TEM view of catalyst II prcpared by successive impregnation-calcination-reduction cycles.. Unlike catalysts 1 where 1 -2 nm particles were present, this catalyst exhibits large (7 -14 nm) platinum particles. HRTEM study shows that the structure of alumina is highly disordered. This is confirmed by nanodiffraction patterns taken on alumina such as that given in figure 9a which cannot be indexed. The platinum particles have different shapes and orientations (Fig. 8) . In addition, nanodiffraction patterns (Fig. 9b) show that most of the particles are polycrystalline and have différent orientations. Clearly, there is no epitaxial relation with the support because the alumina structure is not ordered enough. Figure 10 gives a TEM view of catalyst II * obtained after methane combustion performed on catalyst II. The crystal structure of alumina seems even more disordered and the 6 -20 nm platinum crystallites are completely disoriented with respect to each other. This is confirmed by nanodiffraction patterns showing also that they are polycrystalline. Therefore in catalyst II* as in catalyst II, there is no epitaxial relation between the metal particles and the support. This is due to the poor crystallinity of the alumina in catalysts prepared by the multi-steps impregnation technique. Because there is no prevalent morphology, unlike in catalyst 1*, there are different faces exposed. Catalyst 1* was found much more active than catalysts II * in methane combustion [4, 5] . Differences in particle size could not account for the large differences in activities. The higher activity of catalyst I* is rather probably due to the fact that active crystal planes are systematically exposed on the surface. This study shows that, provided the gamma alumina structure is ordered at least on nanodomains, the platinum particles grow epitaxially with their (110) planes parallel to the cxtendcd (110) surface of the gamma alumina platclets, both lattice being perfectly in coincidencc. The consequence is an uniform crystal growth of the particles which exhibit the same morphology and orientation. Catalysts preparations leading to less-ordered alumina structure do not exhibit epitaxially grown metal particles, the morphology is then heterogeneous and the catalyst is less active in methane combustion.
